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The  purpose  of  this  tost  was  two  fold.  An  aooustio  evaluation 
•f  a  water-cooled  flame  bookot  was  dssirod  so  that  both  Hour  and 
far  field  aoiss  reduction  effects  could  be  determined.  An  effort 
was  made  to  simulate  water  flow  conditions  that  would  result  from 
gravity  flow  from  a  large  roserroir  ewer  a  set  of  four  weirs. 

Test  results  are  presented  in  graphical  form  for  miorophones 
loeated  in  both  near  and  far  field  locations.  Analysis  of  the 
data  indioates  an  optimum  water  flow  rate  to  exist  for  various  lo¬ 
cations  in  the  aeoustio  field.  An  attempt  is  made  to  explain  the 
phenomenon  in  terms  of  theoretical  relatienships  and  properties 
of  the  fluid  flow.  Suggestions  are  made  for  further  analysis  of 
these  test  result*?  as  well  as  future  studies.  Several  modifications 
are  proposed  for  the  present  test  equipment. 
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SUIOUKI 

A  aorioa  of  aaall-aoalo  aodol  roekot  toata  vaa  oorforaod  to 
ovaloato  iha  aconotioal  porforaaneo  of  wator-ooolod  float  bnekota. 
Data  aollaaitd  frta  ihtat  toata  indieatod  tho  ehango  in  aoun4 
prooaarc  IotoI  la  a  funotion  of  watoi  flow-rato  ratioa  for  loootiona 
ia  both  tho  noar  and  far  fiold.f/Tho  vator  flow-rato  ratio  ia 
dofiaod  aai  vator  flow  rato/propollaat  flow  rato.  Redaction*  of 
ap  to  la  db  ia  tbo  noiao  lovol  wort  obaorrod  la  tho  1900-2400  opa 
baad  for  ooaditiona  in  tho  far  flold  with  a  wator  flow-rato  ratio 
of  3*53/1*  Thia  octawo  band  oonTorto  to  a  Stroahal  noabor  of  0.045, 
whioh  lioa  within  iha  poak  of  gonoraliaod  data  froa  prowloualy 
roportod  toata.  Tho  Stroahal  noabor  •  t *  d  ,  whoro  f^  la  tho 
■ana  go oat  trie  frequency  of  a  part>iular  ootSro  band,  d  ia  tho 
rookot  exit  dlaaotei  in  foot,  and  tJ  tho  rookot  oxhaust  aoan  velocity 
in  foot/aooond. 
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INTBODUCTXOX 

The  proposed  atriti  of  largo  boootor  roekots  now  under  con¬ 
sideration  for  apaot  exploration  preaouts  serious  problems  for  tho 
static  testing  of  rocket  engines.  The  difficulty  of  transporting 
these  large  engines  from  the  place  of  Manufacture  will  require  that 

V 

static  test  sites  be  built  close  to  large  centers  of  population* 

The  acoustic  environment  of  such  a  situation  would  be  intolerable 
if  Measures  were  not  taken  to  Modify  the  test  site.  These  modi¬ 
fications  should  result  in  a  change  in  directivity  of  the  acoustlo 
field  and  a  reduction  in  the  acoustic  power  at  the  source. 

The  present  test  was  intended  to  be  exploratory  in  nature  and 
to  indicate  whether  the  direct  Injection  of  water  into  a  flaae 
bucket  would  be  an  efficient  and  practical  Means  of  noise  reduotioa. 
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The  as  del  rocket  engines  used  in  this  toot  hod  on  ostlt  disaster 
of  1*0  Inches.  Tho  weight  flow  of  propellants  por  onglno  woo  0.75 
pounds  por  second,  ond  tho  jot  stress  )>ower  woo  opproziaotely 
5.4  s  10®  wotto  (Roforeneo  l).  Two  oofine  oporotlon  woo  wood  ot  oil 
tines  daring  tho  toot. 

Tho  floao  bucko t  woo  doolgnod  ond  dowolopod  by  tho  Thoraedynonios 
Lohorotory  of  Oonorol  Dysoaics/Convair  (Koforonoo  2).  A  okotoh  of 
tho  floao  hnokot  la  shown  in  Figaro  1.  Tho  wo tor  injootion  oyoton 
woo  dooignod  to  sinulato  grority  flow  owor  o  not  of  four  weirs, 

Figaro  2  shows  on  sworoll  view  of  tho  toot  site  daring  o  typiool  ran. 
Tho  aiorophonos  woro  eovorod  with  thin  plastic  bogs  to  protoot  thoa 
against  water  daaago  whon  not  anod  for  dots  taking.  Thin  photo 
shows  tho  loootion  of  aierophono  noabor  5  ond  will  oorro  to  show  tho 
olattor  of  hard  sarfooo  roflcatoro  that  caused  tho  soattoring  of 
data  for  this  aierophono  loootion.  A  largo  notal  boz  was  oonotraetod 
to  oet  os  o  water  rosorroir9  and  tho  wo tor  flow  roto  woo  thoa  roriod 
by  changing  tho  ututie  hood  above  tho  weir.  Figaro  3  shows  o  toot 
onginoor  preparing  to  calibrate  tho  wo tor  flow  rate.  Viter  flow-rats 
ratios  of  1.05  1.8,  2.0,  5.0,  3.55,  6.0,  ond  6.0  woro  tested  os 
well  os  tho  dry  condition.  Free  field  aoasaroaonto  woro  also  toksn 
to  find  tho  offsets  of  tho  flare  buekot  on  both  tho  near  and  for 
field  attenuation. 
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ACOUSTIC  MRASUREMKHT8 

i 

A  block  diagran  of  tho  acoustical  instrunentation  la  shown  in 
Figure  4a.  A  sketch  of  tho  Microphone  locations  appears  as  Figaro  5* 
A  photograph  of  tho  tost  equipaent  installation  appears  as  Figaro  6* 

A  basic  Microphone,  pre-aaplif ior  and  povor  supply  is  repeated  for 
oaoh  channel.  Tho  Altoo  oondonsor  Microphones  wore  laboratory  cal* 
lbratod  prior  to  tho  tost  using  a  Vostorn  Eloetrio  040  AA  aicrophono 
as  a  roforonoo  standard.  Tho  General  Radio  portable  calibrator  vac 
used  both  before  and  after  oaoh  day  of  testing  in  the  field. 

The  tape  recorder  output  vas  fed  through  tho  analysis  sy»tea 
shown  in  Figure  4b.  Bleetronlo  calibration  signals  placed  onto  the 
tape  at  the  tine  of  data  recording  vers  fed  through  tho  analysis 
systen  and  used  as  reference  levels.  All  wound  pressure  levels* 
(SPL's)  are  well  within  the  linear  range  of  the  Microphones*  The 
Anpex  aodel  001-2  tape  recorder  is  a  two-channel  Machine.  Beoause 
run  t Imos  were  United  to  10  to  15  seconds,  the  test  conditions  had 
to  be  repeated  three  tines  to  gather  data  fren  all  niorophones. 
Initial  tests  showed  the  data  to  be  repeatable  to  within  jh  1  db  so 
this  Method  of  data  oolleotion  is  believed  to  yield  consistent 
results. 


*  Sound  pressure  level  (SPL)  is  decibels  is  equal  to  20  leg  p 

where  P  is  the  rne  sound  pressure  being  Measured  and  p 

/  2  # 

is  the  reference  pressure  of  0.0002  dyn»/en  • 
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?iinal  observation  of  tho  water  spray  pattern  when  tho  flans 
buoket  vao  in  operation  Indicated  that  It  would  not  bo  pottiblo 
to  plaeo  tho  nioropheneo  in  all  necessary  location#  to  prob#  tho 
aoouotle  fiold  and  dotoniin#  tho  aoeuotio  power.  Miorophono  nunbor  1 
was  saved  to  an  altornat#  looation  during  thi#  aorioo  of  firing#  to 
proTont  any  possibility  of  danage  fron  vator  blast.  Figuroo  7  and  8 
voro  takon  in  ooquonoo  during  tho  operation  of  tho  flans  bucket. 

Figure  7  vao  takon  juot  boforo  the  gate#  woro  pulled  with  thi  flans 
bucket  operating  dry.  Caspars  tho  relatively  otablo  aurfaeo  of  the 
vator  roaervoir  in  thio  figure  vith  the  highly  turbulent  ourfaoo  ao 
ahovn  in  Figure  8  after  tho  gate#  voro  pulled.  It  appear#  that  tho 
vator  and  rocket  exhauct  voro  nixing  in  tho  area  of  tho  voir.  Thio 
nixing  prooeao  io  rather  unatoady  and  night  aeoount  for  tho  turbulenoe. 
Apparently  tho  high  velooity  efflux  fron  tho  flan#  bucket  caused 
vator  to  bo  aopiratod  fron  tho  vator  reservoir. 

Analyoio  of  tho  data  fron  niorophono  nunbor  3  showed  a  con¬ 
siderable  anount  of  ocattor.  Thio  niorophono  was  then  tooted  and 
fownd  to  bo  in  good  working  order.  Thio  ooattor  io  believed  to  bo 
a  rooult  of  poor  field  conditions  sinoe  there  voro  nany  possible 
acoustic  reflectors  located  near  tho  nicrophonoo  as  previouoly 
nontionod.  Microphone  nunbor  3  vao  kept  as  a  spare,  and  tho  data 
vill  not  be  presented  in  thio  report. 

Although  no  diroot  oonpariaono  of  total  power  reduction#  are 
possible,  the  present  results  should  give  indications  of  tho  po¬ 
tential;:  offs  dd  by  direot  water  injection  into  tho  flans  bucket. 
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DISCUSSION  AND  TSST  RB8UI*8 

A  roeent  paper  by  Cole,  England  and  Povtll  (Reference  5) 
d^ieouaaee  tho  effaet  af  varieus  exhaust  blaat  deflectors  oo  tha 
acoustic  characteristics  of  a  snail  rockot  angina,  They  observed  - **■ 
that  although  tha  naa  of  flane  daflaetora  loverod  tha  aoouatla  paver 
in  tha  far  fiald,  highar  sound  praaaara  lerala  vara  obaerved  in  tha 
naar  fiald  cloao  to  tha  rocktt.  Thia  would  ba  explained  by  a  change 
in  location  of  tha  effective  aonnd  aourea  and  t>ha  nav  acoustic  fiald 
eauaad  by  tha  altsrad  flow  pattarn. 

Figura  9  haa  baan  takan  fron  Reference  3  and  la  ineludad  to 
indieata  tha  axpaetad  raduction  in  acoustio  povar  through  tha  naa 
af  thia  typa  of  flane  dafleetor.  A  oonparisou  of  raanlta  far  both 
froe-fiold  and  dry  flane  buckat  configurations  is  shown  in  Fignra  10. 
Microphone  n unbar  2  in  vail  vithin  tha  naar  fiald  of  tha  roekat 
angina  and  ahova  tha  narked  dependence  of  SPL  an  diatanea  in  that 
regino.  All  of  tha  apactra  praoantad  in  thia  figura  diaplay  a 
narked  peak  in  tha  1200-1400  ope  band.  Thia  la  in  good  agraancnt 
vlth  tha  ganaralisad  d<  ta  praaantad  in  Rafaranoa  4  vhvn  tha  frequanoy 
ia  praaantad  in  non-dineneianal  fon  aa  a  Strouhal  nnnbar.  The  Strata  1 

n unbar  •  f  d  ,  vhara  f  ia  tha  naan  gaanatrlo  fraquanoy  af 

*  V  " 

a  partioular  oetave  baud,  d  la  tha  roekat  exit  dlanatar  in  feet,  and 
0  tha  roekat  exhaust  naan  velocity  in  feet/eeoood. 

Figures  11  ta  16  present  octave  band  SPL' a  for  all  fiald  la* 
cations  vhora  good  data  vaa  obtained.  Figura  11a  eheva  that  re- 
duotlona  in  tha  order  of  12  db  in  tha  naar  field  are  possible  vith 
a  water  flav-rata  ratio  af  anly  2.0/1.  It  ia  intaraating  to  note 
that  lnoreaeing  tha  vatar  flav-rata  ratio  to  6.5/l  did  not  yield 
any  further  noiee  reductions  in  thia  octave  band.  A  alnllar  trend 
ia  aaan  for  nicrophono  number  6  (radial  distance  40  feat)  although 
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the  optimum  vatir  flav-rata  ratio  far  this  act ave  land  haa  ahlftad 
ta  3.58/1  (laa  Figure  14b).  Nate  that  for  conditions  in  tha  far  field9 
at  least9  increasing  tha  vatar  flaw  paat  tha  optimum  condition  raanltad 
la  an  lr.crease  in  8PL.  Thla  affaot  vaa  nor  a  notioaabla  in  tha  1200- 
2400  opa  hand  vhara  paaking  in  tha  data  vaa  observed  bafora.  Thla 
aaaa  information  ia  praaantad  in  another  form  in  Figaro  16  to  20 
vhora  SPL'a  from  various  miorophona  looationa  ara  plotted  aa  a 
fane tion  af  vatar  flav-rata  ratio.  Both  obarall  and  octavo  band 
data  ara  praaantad. 

▲  aariaa  of  olaaa-np  phetographa  of  flame  bucket  performance 
vaa  taken  daring  tha  teat  and  ara  praaantad  in  Figure*  21  throagh 
24.  Those  photograph*  ahov  dry  operation  and  vatar  flava  of  l»o/l9 
2.0/l  and  t.0/l 0  re  pectivoly.  Theae  same  olose-up  aoanc*  may  be 
aaan  in  a  abort  film  mad?  of  thane  taata  (Befereoee  5).  w 

Flgara  28  vill  nerve  aa  tha  first  of  a  aat  af  3  summary  plots. 
Overall  aonnd  pressure  levels  ara  plottfd  as  a  function  of  vatar 
flav-rata  ratio  fer  microphones  1,  2V  4  and  5.  This  figure  shovs 
that  different  vatar  flov  rates  vill  prove  optimum  for  virions  -■« 
diatanoaa  under  consideration.  This  same  information  is  presented 
in  Figure  26  plotted  ao  a  function  of  radial  distance  from  tha  flame 
bucket.  Nata  that  doubling  tha  distance  from  tha  microphone  raaultad 
in  a  6  db  drop  af  sound  praasura  level.  This  would  be  indicative  of 
far  field  locations.  Microphone  number  2  (at  a  distance  of  5  feat 
from  tha  flame  bucket  exhaust)  and  microphone  number  5  (at  a  dints no* 
af  40  feat)  vara  located  an  tha  same  ray  from  tha  flame  bucket. 
lfio~ephone  number  4*vas  located  vail  belov  its  ideal  location  (if  it 
vara  to  be  an  this  same  ray)  and  the  data  reflects  the  non-uniform 
acoustic  field. 

Figure  27  shevs  tha  sound  pressure  level  relative  to  dry  operation 
far  a  number  of  different  vatar  flovs.  This  Information  is  presented 
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at  a  function  of  tht  dimenei onl t frequency  parameters  (Strouhal 
number).  Data  fro*  largo  rockot  onglnot  (Roforonco  4)  show  a  peak 
In  the  sound  pressure  level  spectrum  for  Strouhal  numbers  of  0.02 
to  0.04.  Figure  27  indicates  a  reduction  of  approxiaatel y  10  db 
in  the  noise  level  for  this  range  of  frequencies. 

The  basic  theory  of  Llghthill  (References  6  and  7)  predicts  the 
sound  pover  of  turbulent  jets  to  vary  as 

%  c 

9^  -  aean  density  of  the  jet 

9  ■  aean  denaity  of  free  streaa 

d  -  disaster  of  the  nossle 

\J  -  aean  velocity  of  the  jet 

CQ«  aean  speed  of  sound  in  the  free  streaa 

This  theoretical  result  does  not  account  for  high  speed  flows  where 
the  turbulent  jet  becoaes  supersonic. 

Data  presented  by  Powell  (Reference  8)  indicates  that  the 
ezpenent  of  velocity  is  reduced  froa  a  value  of  8  for  low  speedt 
flow  to  a  value  of  3  for  supersonic  speeds.  Tht  pressure  amplitude 
in  the  near  field  ef  rocket  exhaust  becomes  great  enough  to  cause 
non-linear  effects  thereby  invalidating  the  classical  aoouetic  theory 

Expo ri Rental  data  indicates  that  the  efficiency  of  noieo  pro* 
duction  of  a  turbulent  jot  varies  as  the  fifth  pover  of  tho  jot  Mach 
numbcrtU/co'  Howovor,  this  relation  coaid  not  be  expected  to  hold 
for  large  scale  rocket  engines,  for  at  a  Mach  number  of  six,  all  of 
tho  kinetic  energy  of  the  jet  would  be  converted  into  acoustic  energy 
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The  dttt  indicates  that  this  effioienoy  approach#!  a  Tala#  of  ljl  of 
the  neohanloal  power  of  tho  jst  for  largo  engines.  A  oonplate  the- 
oretioel  explanation  of  thaaa  atapirloal  observations  ia  not  aTailablo 
at  thia  tin*.  However,  it  night  ba  possible  to  na^o  uovoral  obser- 
▼ati^na  about  tho  experinont  boing  reported  upon  in  thia  report. 

i. 

Tho  roduotion  in  noiao  IoyoI  duo  to  diroot  injection  of  wator 
into  tho  flan#  buokot  nay  bo  oxanined  in  relation  to  changea  in  tho 
proportion  of  tho  flow.  A  t' anafor  of  thornal  energy  botwoon  tho 
oxhauat  gaaoa  and  tha  wator  atroan  oauaoa  atoan  to  bo  genoratod  with 

i 

tho  resultant  lowering  of  tho  gaa  tenperaturo  and  ohange  in  donaity 
of  tho  oxhauat  atroan.  Turbulent  nixing  will  occur  botwoon  tho  gaa 
atroan  and  tho  wator  whioh  in  turn  lowara  tho  jo*  Telocity  oonaidorably. 
Tho  flano  bucket  aota  aa  a  diffuaer  whioh  in  turn  lowora  tho  exit 
wolooity  of  tho  atroan.  Eowever,  thia  tonda  to  inereaae  tho  effective 
exit  area  of  tho  jot  atroan. 

There  alee  ia  tho  poaaibility  of  a  apootral  ohange  in  tho  rocket 
noiao  aa  a  funotion  of  wator  flow.  Thia  would  ariao  fron  tho  ohange 
in  offootiwo  jot  wolooity  and  ita  effect  on  tho  noiao  generating 
noehanion.  Prevleua  oxporinont#  (Reference  9)  indicat#  tha  epeetra 
to  bo  flatter  for  lower  apooda.  Octavo  band  data  presented  in  thia 
report  la  not  adequate  to  dotornlno  whether  auoh  a  change  took  plaea. 
Additional  narrow-band  data  reduction  would  bo  required  to  deternina 
tho  peak  frequency  present  in  tho  sound  apootrun. 

Density  and  tenperaturo  effects  on  the  effioienoy  of  jet  noiao 
production  are  still  in  question.  References  7,  9,  and  11  indicate 
that  these  effeota  are  snail  when  oonpared  to  th«  turbulent  pressure 
fluotuationa  of  the  jet  nixing  process.  Lighthill  (Reference  6) 

•news,  however,  that  a  naxinun  value  of  6  db  night  be  expected  for 
very  hot  jots.  This  result  is  a  theoretical  one  in  which  the  effeota 
of  both  tanperature  and  density  variation  are  related  to  the 
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adiabatic  pressure  change.  Tha  hot  gas  temperature  is  reflected  in 
a  local  aean  velocity  of  sound.  Tbit  increased  aoitt  should  occur 
in  tht  hightr  octavo  bands.  Llghthill  noitt  that  the  combustion 
proettt  ittslf  thonld  not  bt  overlooked  at  a  contributor  to  the 
total  noitt  of  tht  rocket  engine. 

The  reason  for  an  optiuum  water  flow-rate  ratio  for  far  field 
nolae  reduction  it. not  clearly  undereteod  at  this  tine.  The  ate  ef 
a  gravity  head  in  the  water  reservoir  would  indicate  that  a  finite 
nixing  rate  would  occur  between  the  rocket  exhanit  and  the  ooeling 
water.  It  night  be  possible  that  when  the  water  flew  rate  exceeded 
this  optinua  value,  the  nixing  process  was  not  allowed  to  proceed 
to  oonpletioa  and  exoeseivo  turbulenoe  occurred  at  the  weir.  This 
turbulenoe  is  an  additional  noise  source  in  itself.  The  increased 
reservoir  head  and  water  flow  in  the  flane  buoket  oould  aot  as  an 
acoustic  reflector,  thus  causing  higher  near-field  sound  pressure 
levels  in  the  higher  frequencies  and  result  in  possible  eeabustien 
instability  of  the  rockot  engines. 

As  a  final  oheck  on  the  flane  backet  performance,  the  engines 
were  started  while  the  bucket  wae  conpletcly  flooded.  This  wee 
done  to  staulate  failure  of  tho  weir  eysten.  The  bucket  cleared 
iteelf  of  excess  water,  and  noraal  operation  wae  then)  observed.  There 
were  no  aoouetio  neaenrenente  taken,  however,  because  the  water  spraj 
pattern  was  unknown  and  damage  to  the  nicrophonee  was  feared  if 
left  uncovered. 
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This  toot  was  exploratory  in  nature  and  vie  dono  to  deteraine 
vhothor  roallotie  reductions  in  noioo  lorols  would  bo  aohiowod  by 
diroot  wator  injection  with  tho  flaao  bucket.  Tho  results  obtained 
•how  proaloo  for  both  aoar  and  far  fiold  noioo  rodnoticn.  Tho  flaao 
bnokot  porforaod  woll  during  tho  ontiro  oorioo  of  teoto.  Tho  gates 
oporatod  saoethly  and  no  hot-spots  wort  oboorrod  on  tho  buokot  aftor 
any  of  tho  toots. 

Tho  explanation  of  an  optiaua  wator  flow-rat#  ratio  for  far  fiold 
noioo  roduction  is  not  possible  at  this  tins.  The  aechanioa  of  noioo 
roduotion  is  ooaplex  and  oan  only  bo  dsacrlbsd  by  sxpsrlasntal  results. 

It  is  roooaaondod  that  thooo  studios  bo  extended  to  provide 
additional  infornation  nooossary  for  eonstruotion  of  full-eoale  flaao 
buokoto.  Further  data  roduotien  will  bo  required  on  data  taken  during 
the  present  series  ef  tests  to  deteraine  the  extent  of  any  shift  in 
noise  speotrna  at  a  function  of  water  flow-rate  ratio. 

The  water  resorroir  should  bo  enlarged  and  tho  weir  eysten  re¬ 
designed*  The  present  eonf iguration  allows  exoeoo  wafer  to  bo 
aspirated  into  the  flaao  buekot  during  tho  run  which  oauses  the  water 
lewel  to  drop  in  the  resorroir.  This  in  turn  oauoes  a  drop  in  wator 
flow-rate  ratio  during  the  run. 

Tho  acoustic  field  should  bo  probod  to  deteraine  the  acoustic 
power  of  the  racket  onglue-flano  bucket  combination. 

Additional  large-scale  teoto  are  necessary  to  tost  tho  Validity 
of  Strouhal  typo  scaling  laws  for  rocket  noioo.  Llghthlll  (Reference  7) 
observed  that  the  additional  noise  due  to  high  teaper.i ture  flow  occurs 
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ill  the  higher  frequencies.  Tht  present  testa  ahovad  that  tha  aaiaa 
dua  to  tha  turbulent  jat  oocurrad  in  tha  aaaa  octara  hand*  It  la 
poaaibla  that  larger  aaala  enginea  night  ahov  a  broadar  band  type  of 
noiaa  reduction  ainaa  tha  frequencies  of  tha  turbulent  flow  noiaa 
would  appaar  in  a  lovar  octara  band* 

Far  fiald  noiaa  radnotion  atndiaa  ara  oonoarnad  with  energy 
praaant  in  tha  lowor  oetaro  bauda  (20-76,  76-160  and  160-300  opa)* 
Data  gatharad  in  thia  t«P  t  indioata  tha  graataat  potantial  to  ooour 
in  thia  range  of  fraquanciaa  for  the  large  seals  ooonter  rooketa 
currently  being  deaignad.  Howarar,  a  word  of  caution  ia  auggaatad 
in  using  a  ainpla  Streuhal  typa  of  eoaling  law  to  extrapolate  data 
until  further  inveetlga tad*  * 
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